Formal Framework
The fast ion is described as a Coulomb charge moving on a straight line. The starting point and benchmark is to propagate the ground state single-particle wave functions of the target perturbed by the time-dependent electric and vector potentials of the projectile. This is done by timedependent density functional theory (TD-DFT). The very fast collisions at small impact parameters b imply a very fast variation of the potentials requiring a tiny time step for TD-DFT calculations. This demands a lot of computational time, so two different approximations for the time evolution operator are derived. The first one based on Glauber theory is the "sudden approximation", which is valid for the very fast collisions at small b. A local operator can be derived [1, 2] whose applications on the ground state yields the state of the system after the collision. The approximation fails for large b, where the collisions are too slow to be "instantaneous". In that regime we use the time-dependent perturbation theory in dipole approximation [3, 4] . It can be shown that there is a range of b, where both approximations agree. The validity of both approximations is illustrated in figure 1 in the case of a hydrogen target by comparison with the time resolved TD-DFT calculations. 
Results
Combining sudden approximation and the perturbative approach yields a compact expression for the total inelastic transition cross section σ [3] . The contribution from small b must be calculated numerically in the sudden approximation, while the regime of large b only requires the knowledge of the transition energy to the first excited state and the variance of the dipole operator taken in the ground state: G = Ψ 0 |∆ 2 D|Ψ 0 . For many-electron systems, this can be easily calculated by DFT. We find that σ mainly scales with G, see figure 2 . The relative deviation is less than 5%. Thus one can approximately get the cross section σ X for a given system X by relating it to the hydrogen cross section σ H as σ X (β) ≈ 
